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In this research, by numerically simulating an evaporator diffuser, the effect of three
points on the flow, including nozzle diameter, mixing chamber diameter, and diffuser
installation direction, on three uniform performance characteristics, including volume
fraction, velocity, and pressure drop inside this refrigeration equipment, was studied.
Using ANSYS Fluent software and a two-phase Eulerian model coupled with the VOF
model, and considering the continuity and momentum equations, volume fraction of the
liquid and vapor phases, and the existence of interphase forces such as drag force, added
mass force, and wall lubrication force, and ignoring the heat transfer and mass transfer

Keywords: equations, the simulation was performed in a steady and quasi-transient manner. In the
Refrigerant, first stage, three diameters of 1.9 mm, 5.7 mm and 20 mm were considered for the nozzle
evaporator, of a diffuser installed in a horizontal position. Then, three diameters of 15.22 mm, 15.28
distributor, mm and 15.34 mm were considered for the mixing chamber and finally, three mounting
CFD. positions of vertical up, vertical down and horizontal were considered for the diffuser.
Introduction valve, which is the inlet of the pipe connected to the diffuser,

The distribution of a455R refrigerant inside a 9-circuit
diffuser with thermodynamic characteristics at a saturation
temperature of minus 4 degrees Celsius was numerically
studied. As discussed in the previous chapter, the refrigerant,
in the form of two homogeneous phases with velocities of
3.12 m/s (liquid phase) and 0.94 m/s (vapor phase) and with
a volume fraction of 0.98, first entered a pipe 1200 mm long
and 25 mm in diameter. And gradually, due to the high
difference in density and the Earth's gravitational force, they
separate from each other and reach the horizontal spreader.
Three diameters of 1.9 mm, 5.7 mm and 20 mm are
considered for the nozzle and the bubble diameter is 200 pm,
and three diameters of 15.22 mm, 15.28 mm and 15.34 mm
are considered for the mixing chamber, and finally three
installation positions of vertical up, vertical down and
horizontal are considered for the diffuser. The boundary
conditions are such that the refrigerant exiting the expansion

has 25% vapor quality. The wall is adiabatic, heat transfer and
mass transfer (evaporation) are ignored, and the interphase
force models, including drag, wall lubrication, added mass,
etc., are appropriate to the nature of the active flow.

Methodology

By reducing the nozzle diameter, the velocity of the liquid and
gas phases has increased. So that in a diffuser with a nozzle
diameter of 1.9 mm, the velocity of the liquid phase from the
beginning of the tube, which is 12.3 m/s, reaches 18 m/s, and
the velocity of the phase from 0.94 m/s at the entrance of the
tube reaches 22 m/s, which causes the gas phase to prevent
the liquid phase from settling and moves the liquid phase
along with it. Also, in a diffuser with a nozzle diameter of 7.5
mm, the liquid phase velocity decreases from 3.12 m/s at the
pipe inlet to 2.5 m/s, and the gas phase velocity decreases
from 0.94 m/s at the pipe inlet to 3 m/s. In a diffuser with a
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nozzle diameter of 20 mm, the liquid phase velocity decreases
from 3.12 m/s to 1.2 m/s, and the gas phase velocity decreases
from 0.94 m/s to about 1 m/s. By reducing the nozzle
diameter from 20 mm to 1.9 mm, the standard deviation of
the mass flow rate between the diffuser circuits has decreased
by about 70 percent. As shown in Figures (5-10), (5-11) and
(5-12), in the situation where the diffuser is placed in a
horizontal position, due to the high density of the liquid phase
compared to the vapor phase and the force of gravity, the two
phases separate from each other and when they reach the
diffuser mixing chamber, the lower part of the diffuser, the
liquid phase has more accumulation and the vapor phase,
which has a lower density, is placed towards the upper outlets
of the diffuser. By reducing the nozzle diameter, due to the
increase in the speed of the vapor and liquid phases, which
leads to greater mixing and turbulence of the flow and the
formation of vortices from the vapor phase in the liquid
phase, the accumulation of the liquid phase in the lower
circuits is prevented, which, according to diagram (5-13),
results in a uniform distribution of the two-phase refrigerant
between the diffuser outlets.

Results and Discussion

Equations (5-1) and (5-2) are the deviation of the mass flow
rate and steam quality characteristics. According to graph (5-
7), the deviation of the mass flow rate of the mixture of vapor
and liquid phases from the average mass flow rate is related
to the nozzle diameter. The results show that, The results
show that by reducing the nozzle diameter from 20 mm to 5.7
mm and then to 1.9 mm, the distribution of the mass flow rate
of vapor and liquid phases between the diffuser circuits has
become more uniform. And the excessive accumulation of the
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liquid phase at the lower outlets of the diffuser is prevented,
and due to the creation of vortexes and high turbulence in the
flow, the flow becomes more homogeneous and, as the phases
accelerate, they are divided equally between the circuits. The
simulation results also indicate that by increasing the
diameter of the mixing chamber, more space is created for the
liquid and vapor phases to mix. The two-phase refrigerant
flow, gaining speed as it passes through the nozzle, enters the
mixing chamber, where more opportunity is provided for the
phases to mix with each other. By increasing the chamber
diameter in two stages by 6 mm, first from 15.22 mm to 15.28
mm and then to 15.34 mm, it is observed that the standard
deviation of mass flow rate and steam quality has decreased
within 6%.

Conclusion

By examining the parameters of the nozzle diameter, mixing
chamber diameter, and diffuser installation direction, it was
found that by reducing the nozzle diameter, it is possible to
increase the speed of the liquid and gas phases and further
mix the flow, while preventing the liquid phase from settling
in the lower circuits of the evaporator. This improves the
distribution of refrigerant between the diffuser outlets,
increases the heat exchange of the direct expansion coil, and
generally increases the system performance coefficient. Also,
by increasing the diameter of the mixing chamber, the
standard deviation of mass flow rate and steam quality has
decreased by about 6 percent. Finally, by examining the
diffuser volume fraction maps, it can be concluded that the
best direction to install the diffuser is vertical, facing
upwards.
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Figure 1. Experimental results of two-phase refrigerant after expansion valve by Bowers.™"]

9]

0.2
N
AD
N
EXP
o5 A |-=--- CFD
W
8 \
3
E
=
Eo}
s
>
z
s_ \
= \
Al
0.05}F
N
— " A T " I}
0 200 200 600 800

Distance (mm)

Figure 2. The chart of Comparison of liquid phase
volume fraction of Bowers experimental test.!*"]

9329L 2% Gialo3l @b 3B oz pud (g lio Hlog0d ¥ b
0. oS

g ools Kl w55 4 Standard deviation ¢ X ] 0 a5

mean

W)Lf'}':| .“

ol 65 sles plonl Sl 3 Jie 45 WS oo el oo Lzl a3
OlKan 57 5 ols aslgs alul b ams o plosl (Canls 5) (oaBly a3 4
3l g3 lyr laes, s 4 225 Sypen DY)
Sy b yashes AV S8 g o oo VYoo Jobo 4y Slo slalg) o Lol
YU 5l s tm shon V10 salols 4y alg) sl o s ailazsls , RVYFA
S alio gl ¥ o) lass il 45 conl oo 4235 i s aly)
IRVIPRCE T SR T RN Sy 8 raisie A godgaze b el T 5
100 calold jo a5 (g gbar tailoads oz 35uSs 5l 5B g0 plyTal,T o
Ayl aalsl wilisie slacie yu b g ond Tz oo 5 SelS 56 5 o5 oo
AR AN RC K S A

GaSd 3 g3lw e ¥

Sb,l8le 5 50 aliie gdwain (gilw Jow (gdis (gilwdd [ Wunds o8
0l ey S peadles Jl3dle 5 L Lol regh (gawais sl LaSdnds
LS B 5 Jsb b 25 e 8 b S ik £ o F U5 e oo
Wloads b e Lo VR gAY (Yo laojlail 4y J506 ,had o

Yv

(050 g 559L blul yuedh 31 s 318 90 0 po (225 Glolojl gl ) JSi

(F Galail)) oo,z (@29 slne Slyml sl (S iz o (29,5 om0 0
s (O gabal)) Loy coaS ¢ o> (20 lre Blyl g

4]

SDC, =

SDC, = ®

@ Sl M SR e 20l IS om0 My el o a8
Shed ()5 CuiS Sl X g2 o Lu CodS X e o>
A oS iy o] 4

by polie so3b 0,5 clgsy slp odg, dwosls s3lw by puizen
‘39)“ 5% ool G)L»UAL:.M‘_;: PPLY ] ORRgR alise LgL&'b]M L
3 eslail b sasl o cadadllas glaysiie iowiw asly ST .ol

(A 17 Glaakal) o5 ubide o1y bosls olgr co g 5lwloy sl g,

. m
m =

i m *)

(1-x) = L—X )
(X (1=x )19
Q= QL W
(Zi=1Qi)/9

e o o QF ((1-X) M bl bl s S
e o (Gl Cedil g il B CekS (o @23 EF ety
S e 17149 i oS o sla e slaw  ax g L) axies g5l gl

(Sl o 433;

el 3o el pguige 3 40,58 sl a5 a8 40 S Jlo i 51 500 poge S
Sl 1y o Wl paie o 00,58, aikiwl gl o)l 5,15 leosls iuig
Sy ol Jegh 0 0y e jlme Bl e 5 5eSlee
GAld g e g aseS jlade loie | o Wb pate SO oS by

2,5 (S Dl i

* Xi - Xmean Q)

X =
' Standard deviation

6 Fej



ot g illo dazma = 8 5 S 9y 355 (195 5o 5T Rls) S S A 3 i S8l e w2
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Table 1. Thermodynamic characteristics of refrigerant
R455A at minus 4°,

Refrigerant R455a | liquid phase liquid phase
Density (kg/m?) 1072 40.38
Viscosity (kg/m.s) | 000016129 0.00001197
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Table 2. Initial and boundary conditions of the problem.

1 Refrigerant R455a

2 Refrigerant saturation temperature -4°C

3 Vapor quality 0.25

4 Mass flow rate kg/hr) 17.28

5 Volume fraction 0.98

6 Initial velocity of the liquid phase m/s) 3.12

7 Initial velocity of the vapor phase (m/s) 0.94

8 initial phase The liquid phase of the refrigerant R455a
9 Secondary phase The vapor phase of the refrigerant R455a
10 Bubble diameter size 200 pm
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Figure 7. Volume fraction of the vapor phase of the
distributer with a nozzle diameter of 1.9 mm.
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Figure 8. Volume fraction of the vapor phase of the
distributer with a nozzle diameter of 5.7 mm.
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Figure 9. Volume fraction of the vapor phase of the
distributer with a nozzle diameter of 20 mm.
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Figure 13. The Chart of 3 Standard deviation of mass
flow rate for three distributer nozzle diameters.
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Figure 14. Static pressure distribution of a
distributerwith a nozzle diameter of 1.9 mm.
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Figure 10. Liquid phase velocity vectors of a
distributer with a nozzle diameter of 1.9 mm.
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Figure 11. Liquid phase velocity vectors of a
distributer with a nozzle diameter of 5.7 mm.
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Figure 12. Liquid phase velocity vectors of distributer
with a nozzle diameter of 20 mm.
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Figure 18. The chart of Comparison of flow distribution
uniformity between distributer circuits based on
different nozzle diameters.
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Figure 15. Static pressure distribution of a distributer
with a nozzle diameter of 5.7 mm.
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Figure 16. Static pressure distribution of a distributer
with a nozzle diameter of 20 mm.
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Figure 17. The Chart of 4 Comparison of the effect of
reducing nozzle diameter on pressure drop.
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